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Fig. 1 Diagram of the diffuse cavity schemes. (a) Flat cavity model used in this paper; (b) flat cavity real picture (white part is diffuse

reflection coating)
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Fig. 2

Different modes of incident light scheme. (a) Scheme A and B; (b) scheme C and D; (c) scheme E; (d) scheme F and G;

(e) scheme H and T; (f) deflection of the beam incident at @ angle towards the Z axis

0314001-2



HEXE-MRIEX

B anE 20e) iR .

DL b Jr S in i G £F ¥k ZBO6LE 64 S
B R 48 AR @=105 um . B4 fL 42 (NA) K
0. 22, % N {5 B 6 R 0 0 16 6 BE B A2 R 105 pm, &
WCEM AR 12,7 A 7 G SO IR FL i T HoAth #
1A [R5 R EF X A 52 . fE DL B &
WA ARSI B O SR B D) R E R 100 mW L IR 2
RO A ST 3 G FL AR 3 mm.

TR F~1UNa R A G, AR R . F Jr 48
FHVO SR [ 2 G 3 BRSO FLOF, O F, F, Ok
JEEAE 0 1 mm, AFHACE TS EAME. G
AU [ 2 AL 8 RE @ B8R GG, Gy
Gy OGRS L mm, AGILE 507 R BHFE, A S
1) b (Z %00 77 1) A 0 f 249 8. 57, X & T B Ik LA
IO T7 1) NS B O B2 B e DK AT 3 G LS
XA T vk 2 B L ARk 3 mm, A A 2
(D Fr~. HEFEMEH MRS HR H  H, Hy H, 1
[ S B 1 Bl 5 % il 00 O I B AR 4 B 4 mm F
1 mm, A7 &R B S R F AR, )2 Ryt
LA 8 mm X 3 mm AU R FL . 177 &5 FH U oA (5
WL LI L AV T8 6 BRE 18 4K il 5 e 1 O 2 > 42 43 1)
K4 mm A1 mm, % )ZIFFL A 12 mm X 3 mm ) &
LA B AR S % GHIFE, & 2(e) i .
2.3 XS HHERNAE

R T ARAR A R 6T R B A A I O, AR S
FEE R XY -1 N 38 T — R B, a0 & 3 TR .
FoF B o OB SR R A IR G ST SR AR LR
5 B 1 B I i N A O R B RO TR R Y
gk, ARAT B b 4% A B e T R B Ay AT
T HEAEHM T MMM, BT R G MN
50 mm X 100 mm (1) 58 % [X 3 4b , 22 S B B & DL O
JA RO Y 50 mm X 50mm X 38 A1 30 mm X 30 mm [X.
B, 33 DX R T AR s /N B X O 3 1
AYME 8 G B BT Y % T R B A AT 2 A R A A o
T 22 K FAE G B ¥ A1 oAb, 8 X 4R B IfT K S o
D2 OB 1) S0 40 5 18 B PO R () 5240 B ok
Ty 3 B oy A EAT T A
3 oS vhe
3.1 (hE4ZR

X% A~V 65 0 A 5 5 5 1 G T R %
BE oy A 5 S E 4 T

FEJTE A FB G EF DO T ST, g5 ] 4
(a) (D) Fi/R. TEHRAP M T JLA ) R K
58 1) DX, 32 R T O 4T Rk B Xk A IR AE I K R
TR o AR e 0 s DX 8 A s XA Ol
Yyt BAS X R )15 00, 2 RO s A M 3 B T B R
G R T T RRYE . TR BB A AR
RO 0 3 A M AR s AR s ISR O T R % B AR A

a4 % F3H/2024 £ 2 B/FER

p Y (vertical)
0 :| X (horizontal)
30X30
50X 50
50X 100

&3 S u) 2R % B 43 A R AR 42 W]
Fig. 3 Optical power density distribution feature extraction
surface
—E IR,

TEJ7 98 CRID DG R AGS , anf& 4(c) . (d)
Fios e FEITSRCH DLW XEOE I R R EC &
o o 500 Wem L JF E A G o &b 38 F)
15000 Wem *o SR, 76 A v KB /N R, Ol
Yoy A AHXS 5] . J7 52 D G TR TE S I 2, DA
Tl /N B AR F T % C BA B & rohim 35
{H 2 SR T A5 P I AR

TETT R E D, hoGEr A G ey — M DX A %555 106
Ty 28985 B T AE 53— V) 522 B0 658 i 1 D' o)y 2 %85 132, dn <]
4(e) FI 7R o 33X 2 G R TE A% 1 2o A vh R BT 2 2y, A
I, R B[] B A D7 22 0 52 B4 A0 01637 77 A R
S

EHRFSIHEHS, DL —H 8 R 6, 6L
A5 Ay BOr A G OF RO B AR M b 7ETRE B
18 SR AR e A0 T B 10 A O Dy 32 5% i 1Y
XA, an e 400 L (h) PR .

TEJ7 % G Ry 28 Trb 33 7 by S8 0 A7 B 106
Ty 5 B2 1 DXl 3 TR Ry L — g fh AR A BE (g )
Z ) NGB R 2 5 5 — W8 B 2 05 AT AR AR
VT A BGR 6 OF G AT AR 4 7 AL T R R
R Y DI, PRI B T 22 A 0l 3 s 0 IR, T A 4
(g) (DR,

N VEANR ARG o AT R v AR SCH B T AR T
FAEA ] DI BN G 3095 i S (B b 22 . AR
i 72 TAZE 3, J7 % BAE 50 mm X 100 mm [X 3% H A7 4%
W1 637 2 B 2% D AF 50 mm X 50 mm X 48 A7
30 mm X 30 mm X 48 2 A B o B R L AR,
2D 1YV 06 T %% B A LE IR, o, 7E 30 mm X
30 mm X A A B HBEA B T R B 47.23% .

3.2 ASIREXNXHZHHFN

N TR SECER A AR X 03 A Y S R T
T 58 B X AR 09 A5 A BE AT BN B i 5% L 145 R
T OGER 5 Ty 1) AN 5] D 1] e A AN [ RE Y 4 2R HE
W, 20 g IEAE I, 3R DU SROGEF A S T 1) 5 JEE AR v

0314001-3



HEXE-MRIEX

(a) Power density /(W m‘z)
E
g0
E;
=
2 o
Horlzonta.l /mm
(d) Power density /(W-m2)
I- 500
30
5
(=
0 s
Honzontal /mm
® Power density /(W-m2)
50 3
E
g0
5
>
-50
-25 0 25
Horizontal /mm

()
50

Vertical /mm
{ o §

-50
-25

Power density /(W -m2)

— 500

Honzontal /mm

(©

Vertical /mm

-25

Power density /(W-m)

0l

500

Honzontal /mm

QY
50

Vertical /mm
o= ]

-25 0

Power density /(W-m2)

25
Horizontal /mm

HE 445 F3H/2024 £ 2 A/HFFR
Power density /(W -m2)

©
50

Vertical /mm
(=)

-50

-25 0

L 500

250

25

Horizontal /mm

(f)

Vertical /mm

—25

Power density /(W m?)

500
| |

Honzontal /mm

®
50

Vertical /mm
(=)

-25 0

4 SRAAEDEEA T K505 A (a) ~ (D % A~1
Fig. 4 Simulation results of light field with different injection modes. (a)-(i) Scheme A-1
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Table 1 Optical field distribution at different extraction surfaces under various schemes unit:Wem™’
Scheme 50 mm X 100 mm 50 mm X 50 mm 30 mm X 30 mm
Mean Standard deviation Mean Standard deviation Mean Standard deviation
A 242.62 68.99 297.82 41.80 304. 64 25.89
B 268. 83 39. 84 248.85 37.38 245. 66 24.39
C 376.91 824.29 354.01 645.32 255.78 23.59
D 344.09 843.94 166. 45 27.22 150. 40 11.52
E 237.61 71.29 219.93 56.51 206. 57 37.94
F 233.63 78. 44 293.65 66.91 264.12 23.01
G 296. 37 276.59 294.53 320.41 358.18 451.71
H 220. 86 74.27 277.79 62.45 249.77 22.42
1 286.92 190. 68 279. 14 186. 24 336. 39 266. 88
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Fig. 5 Optical power density distributions with different optical fibers angles based on scheme B
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Table 2 Optical field distribution of different optical fibers angles unit:Wem~’
Deflection angle / 50 mm <100 mm 50 mm X 50 mm 30 mm X 30 mm

) Mean Standard deviation Mean Standard deviation Mean Standard deviation
—3 262.40 36.58 250. 87 39.87 231.67 34.82
—2 264.81 36.00 251. 14 37.47 236.92 31.89
—1 266. 59 37.66 249.24 36.51 240. 46 28.70

0 268. 83 39.84 248. 85 37.38 245. 66 24.39

1 268.41 41.92 247.06 38.58 249.93 19. 30

2 268. 66 44.79 245.44 41.18 253.89 15.17

3 269. 86 48.72 244.71 44.89 258.85 13.88

4 271.10 52.55 245.48 50.01 265. 24 16.43

5 272.11 55.27 246. 67 54.31 271.98 19.28

245. 66 45 K 269. 86.244. 71.258. 85, KR HE MR 2% HH =2 1l i, NS e % 2 05, 62 2R % B 34 A 4% B 4R
19 39.84.37.38.24. 3948 N 48.72 ,44.89.13.88, T PElCERTA O &
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Fig. 6 Optical power density distributions with different fiber parameters based on scheme B
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Table 3 Optical field distribution of different fiber parameters.

unit:W-m *

50 mm X 100 mm

50 mm X 50 mm 30 mm X 30 mm

Parameter

Mean Standard deviation Mean Standard deviation Mean Standard deviation
@=200 pm, NA=0. 22 270.01 42.74 248.96 37.39 245.56 24.65
@=200 pm, NA=0. 39 269.15 52.39 230.99 25.54 222.81 13.65
@=200 pm, NA=0. 50 270.75 67.22 216.78 28.09 204. 36 12.77
@=300 pm, NA=0. 22 271. 22 46.76 249.16 37.48 245.61 24.79
@=400 pm, NA=0. 22 272.65 51.31 249.72 37.56 246.53 24.43
@=600 pm, NA=0. 22 275.24 63.45 249.99 37.52 246.99 24.86
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Fig. 7 Power density distribution of different diffused reflection cavity height based on scheme B
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Fig. 8 Power density changes when height and volume of the cavity are changed based on scheme B
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Fig. 9 Power density distribution of different diffused reflection cavity volumes based on scheme B
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Abstract

Objective Isotropic laser cooling is regarded as one of the crucial laser cooling techniques because of its distinctive
benefits including simplicity, compactness, and robustness. It has been extensively applied in areas including atomic
microwave clocks, quantum simulation, and quantum sensing. As a distinct distribution type of cold atoms in isotropic
laser cooling, cold atoms with quasi-two-dimensional distributions have significant applications and usefulness in fields of
study, including atomic cooling and quantum precision measurement. Isotropic laser cooling does not restrict atoms,
different from techniques like magneto-optical traps. The distributions of the optical field and the cold atoms inside the
cavity are significantly influenced by the laser injection methodology and cavity design. To obtain cold atoms with a quasi-
two-dimensional distribution, one must effectively establish a uniformly distributed quasi-two-dimensional optical field in a
flat cavity. In order to get a uniform optical field, we explore the impact of various incident optical field parameters on the

optical field distribution using optical simulations to study how to produce a quasi-two-dimensional optical field distribution.

Methods The main method for creating a nearly two-dimensional optical field in a flat cavity is the subject of this study.
We propose a flat diffusion cavity-based cavity structure for the first time. It models the effects of two alternative injection
techniques, namely free-space injection and optical fiber injection, on the optical field distribution using optical simulation
software. Using the optical fiber injection technique as a foundation, we explore how changing the angle of injection affects
the way the light field is distributed inside the cavity. We also investigate the distribution of the optical field inside the
cavity as a function of important optical fiber characteristics, particularly the numerical aperture and core diameter.
Finally, we investigate the relationship between differences in the optical field distribution inside the cavity and variations
in cavity diameters, and this demonstrates that by adjusting these factors, we may significantly improve the optical field's

homogeneity.

Results and Discussions The simulation results show that the optical fiber injection method is superior to the free-space
optical injection strategy in producing a homogeneous optical field within the flat diffuse-reflectance cavity (Fig. 4).
Furthermore, by modifying particular parameters, the optical field may be optimized. The homogeneity of the optical field
is improved to some extent when the angle of incidence of the optical fiber rotates within reasonable bounds. To keep a
uniform optical field distribution, it is crucial to prevent large angle variations (Fig. 5). While changes in core diameter
have relatively little influence on the optical field distribution, variations in numerical aperture have a large impact on the
uniformity of the optical field (Fig. 6). As a result, choosing an optical fiber with the right specifications is essential for
improving the homogeneity of the optical field. Due to structural modifications, increasing the cavity height while keeping
the proper height enhances the optical field dispersion. Sometimes, it even improves the optical power density at particular
locations. The optical power density distribution within the cavity, however, shows a declining tendency with an overall
rise in height (Fig. 7). With a rising side length scaling factor, the optical power density inside the cavity displays a
negative power-law relationship decrease pattern. The power consumption for the incident cooling light therefore grows

dramatically as the cavity volume expands, even with the same optical power density requirements (Fig. 8).

Conclusions Establishing a uniform optical power density distribution is a difficult point in studies designed to achieve a
quasi-two-dimensional distribution of cold atoms within a flat diffuse-reflectance cavity. We simulate several cooling light

injection strategies. When optical fiber injection is utilized instead of free-space optical injection, the optical field
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distribution is more uniform. The flatness of the optical field can be optimized within particular locations by adjusting the
angle of incidence of the optical cable. The optical field's homogeneity is also strongly impacted by the optical fiber's
numerical aperture. The initial beam diameter and divergence angle of the incident light are both determined by the
numerical aperture and core diameter of the optical fiber. The flatness of the optical field can be improved within certain
geographic areas by using optical fibers with the right characteristics. The optical power density inside the cavity shows a
negative exponential drop trend as the cavity volume grows. These simulation findings offer helpful pointers for attaining a
very homogeneous and quasi-two-dimensional optical field distribution. They also clarify the connection between

variations in cavity size and the optical field distribution in the context of isotropic laser cooling.

Key words optical field simulation; diffuse reflection; quasi-two-dimensional optical field; isotropic laser cooling
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